Introduction
============

Esophageal cancer (EC) is prevalent in Asia, and the high rate of lymph node metastasis (LNM) influences the survival of the patients.[@b1-ott-9-1831],[@b2-ott-9-1831] Chemo-radiotherapy is the main method to prolong OS after patients experienced the esophagectomy and lymphadenectomy.

Radiotherapy (RT) plays a key role in controlling local recurrence of the tumor that is a major cause of treatment failure. The treatment plan is made on the basis of the pattern of LNMs with pathologically positive lymph node (LN), but some researchers recently reported that the negative LN also has a close relationship with the outcome. Greenstein et al found that the number of LNs negatively affected the postoperative survival based on the Surveillance, Epidemiology, and End Results (SEER) cancer data.[@b3-ott-9-1831] Zhang et al, Jang et al, and Smith et al proposed that greater counts of total negative LNs were associated with longer survival of EC patients.[@b1-ott-9-1831],[@b2-ott-9-1831],[@b4-ott-9-1831]

Nevertheless, which station of negative LN will significantly influence the outcome of EC patients has not been investigated to the best of our knowledge. Although surgeons try to resect more LNs, the 5-year overall survival (OS) rate of patients with EC is still \~16%.[@b1-ott-9-1831],[@b2-ott-9-1831],[@b5-ott-9-1831] Some scholars clarified that the region of LNM was more important than the number of LNMs.[@b6-ott-9-1831],[@b7-ott-9-1831]

Researchers reported that the No 107, 108, and 7 stations of LNs were the commonest stations of metastases, and they were all included in the treatment planning.[@b7-ott-9-1831] But the dose received in No 7 was \<50 Gy in most cases for the middle thoracic EC. The limited dose might be one of the reasons for tumor local occurrence.

Furthermore, because the negative LN is closely related to OS and its importance is frequently neglected in treatment planning, it is necessary to investigate which negative LN station is closely related to the outcome. Since middle thoracic esophageal squamous cell carcinoma (ESCC) is the major histological type of EC, we limit the inclusion criteria only to middle thoracic ESCC in order to avoid the influence of confounders of pathology type and site of lesion.

Materials and methods
=====================

Study population
----------------

The retrospective information of 99 patients with ESCC at the Department of Oncology in LinYi People Hospital, affiliated to the Shandong University, People's Republic of China, between January 2008 and February 2009, was collected. All patients underwent curative esophagectomy with systemic lymphadenectomy. Only the patients with middle thoracic tumor and Stage II/III tumor are included in our study, and tumor stage is assessed according to the criteria of Union for International Cancer Control (2002 edition). The patients who satisfy the following criteria are excluded from our study: 1) underwent preoperative RT or chemotherapy, 2) not identified with ESCC by pathologist, and 3) less than ten LNs were collected in operation.

Upper gastrointestinal endoscopy, computed tomography of the chest and abdomen, and ultrasound of the cervical region were performed to examine the possibility of LNM before operation. Seventy-two patients underwent two-field LN dissection, and 25 patients received three-field LN dissection because of the possible metastasis in clavicle area.

All LNs were collected by surgeons at the end of the operation and analyzed independently by two pathologists. The study has been approved by the Research Ethics Committee of LinYi People Hospital. Written informed consent were obtained from each patient.

Follow-up and statistical analysis
----------------------------------

All patients were followed up every 3 months over the first 2 years and every 6 months thereafter, until the maximum follow-up time of 6 years or the date of death came. The patients' OS was calculated from the date of operation until death or last follow-up time. Phone calls were performed to learn the status of patients.

We used *χ*^2^ test to evaluate the relationship between the clinic pathological factor and the LNM. The difference between the distribution pattern of positive and negative LN in every station was evaluated by Wilcoxon rank sum test. Cox proportional hazards model was used to analyze the relation between the LN station and the survival, and a forward stepwise elimination with a threshold of *P*=0.1 was used to select parameters. Survival analysis was conducted by employing Kaplan--Meier method, and the log-rank test was used to compare the difference in survival between different stations. For a two-sided test, the relationship with *P*-value \<0.05 was considered statistically significant. Moreover, all the data were analyzed by using SPSS version 17.0 (SPSS Inc., Chicago, IL, USA).

Results
=======

Patient demographics and OS
---------------------------

The characteristics of 99 patients are described in [Table 1](#t1-ott-9-1831){ref-type="table"}. The average total number of LNs in each patient is 15.0, and the mean number of negative LNs is 13.5. The median follow-up is 36 months (range: 1--72 months), and the 5-year survival rate is 31.0%.

The tumor length, depth of tumor invasion, pathological differentiation, and postoperative therapy all had significant relationships with the positive status of LN, and their *P*-values are 0.005, 0.006, 0.007, and 0.001, respectively. Nevertheless, none of the earlier parameters is identified to be closely related to the number of negative LNs.

To accurately describe the incidence and pattern of LNM, the terminology of the regional LNs of ESCC follows the definition from the Japanese Society for Esophageal Diseases.

The pattern of positive and negative LN in LN stations
------------------------------------------------------

The difference between the distribution pattern of positive and negative LN in every station is significant, since the *P*-value is equal to 0.018 ([Table 2](#t2-ott-9-1831){ref-type="table"}). In the meantime, the percentages of positive LN in LN stations are similar to the results of our past work.[@b8-ott-9-1831] The percentages of negative LNs in stations 108, 107, 7, 3, 2, and 109 were 25.8%, 24.5%, 26.7%, 0.5%, 5.6%, and 3.4%, respectively.

Impact of total number of negative LNs on survival
--------------------------------------------------

In terms of the relationship with OS, the total number of negative LNs is more significant than any other parameters. The hazard ratio (HR) is 0.937, 95% confidence interval (CI) is 0.902--0.973, and the *P*-value is 0.001 ([Table 3](#t3-ott-9-1831){ref-type="table"}). The OS between more than and less than five negative LNs identified after operation was significantly different, with *P*=0.0045. Similar results can be obtained for the threshold number of ten and 15 negative LNs identified after operation, since the *P*-values are 0.0002 and 0.0015, respectively, as shown in [Figure 1](#f1-ott-9-1831){ref-type="fig"}.

Impact of LN stations on survival
---------------------------------

Among negative LN stations, No 109 and No 7 have significant relation with the OS, and the HR *P*=0.033), respectively. Among positive LN stations, No 3 and No 7 have a close relationship with the OS (HR 9.677, 95% CI 1.438--65.117, *P*=0.02; HR 1.510, 95% CI 1.022--2.231, *P*=0.038) ([Table 4](#t4-ott-9-1831){ref-type="table"}).

Log-rank test revealed that the OS between the patients who have only negative LNs and have positive LNs in No 7 station is significantly different (*P*=0.028). Significant difference is not identified between the patients who have only negative LNs and have positive LNs in No 109 station, but different trends emerge within 36-month follow-up period ([Figure 2](#f2-ott-9-1831){ref-type="fig"}). The anatomic locations of No 109 and No 7 LN stations in treatment planning are shown in [Figure 3](#f3-ott-9-1831){ref-type="fig"}.

Discussion
==========

The OS of 5 years is still poor for the thoracic ESCC, especially in late-phase patients. The major reason of relapse is the high rate of LNMs, which is a big challenge for lymphadenectomy in operation.[@b1-ott-9-1831],[@b2-ott-9-1831] Postoperative RT in the high-risk area of LNMs can enhance the long-term survival in ESCC.[@b1-ott-9-1831],[@b2-ott-9-1831],[@b8-ott-9-1831]

Involved-field irradiation is applied in the target planning of postoperative RT in ESCC.[@b9-ott-9-1831],[@b10-ott-9-1831] It refers to the pathological positive area of LN which is considered as being closely related to the outcome of patients.[@b11-ott-9-1831]--[@b13-ott-9-1831] But there is still controversy about which LN stations should be included in treatment planning.[@b14-ott-9-1831]--[@b17-ott-9-1831] The LN stations of 101, 104-R, 105, 106rec-L, 106tb-L, 106tb-R, 107, 108, 110, 112, 2, 3, and 7 are generally considered as high-risk regions and are commonly included in treatment planning in thoracic ESCC.[@b18-ott-9-1831]

But recently, researchers found that pathological negative LN could also influence outcome of patients.[@b19-ott-9-1831]--[@b21-ott-9-1831] Zhu et al found that the total number of negative LNs was associated with the survival of patients undergoing three-field lymphadenectomy.[@b22-ott-9-1831] Greenstein et al also found that the number of negative LNs had relation with the postoperative survival based on the SEER cancer data, which is a nationally representative, population-based cancer record.[@b3-ott-9-1831] Smith et al reported that more negative LNs in operation led to longer survival.[@b4-ott-9-1831]

The earlier result suggested that the distribution of negative LN in LN stations is important, and it is necessary to investigate which negative LN stations have significant relationship with OS. The distribution and the number of negative LNs could reflect the range of esophagectomy, so it should be used as a reference for treatment planning decision-making in postoperation irradiation.

In this study, the length of tumor, the differentiation, and depth of tumor invasion had significant relationship with the rate of positive LN (the *P*-values are all \<0.001). The rates of No 108, 107, and 109 LN stations are 21.1%, 27.9%, and 4.7%, respectively, and these results are similar to previously published papers.[@b19-ott-9-1831],[@b20-ott-9-1831] But the rate of negative LNs in every stations has not been reported, and there is significant difference between the distribution of positive and negative LNs in LN stations (*P*=0.0001). It might be implied that it is a big challenge for the surgeon to resect LNM entirely in all LN stations by considering the different anatomical structure of LN stations.

In this study, the total number of negative LNs influenced outcome significantly. This result is similar to the conclusions of previously published articles. Significant relation between the total number of positive LNs and prognosis was not confirmed in this study, which might be weakened by the robust relation between the total number of negative LNs and prognosis in this Cox regression model analysis. In addition, obvious differences of OS have been identified between the following groups: patients with more than and less than five negative LNs identified after operation (*P*=0.004), patients with more than and less than ten negative LNs (*P*=0.0002), and patients with \>15 and \<15 negative LNs (*P*=0.001). Zhu et al also proved the similar result of negative LNs but failed to find a threshold for negative LNs to resect in operation, where patients could be benefited from it.[@b22-ott-9-1831] The possible reason could be that it was very hard to find a balance point between the number of LNs resected and the injury due to operation.

As far as we know, negative LN stations that are able to significantly influence the outcome are not reported.[@b1-ott-9-1831],[@b2-ott-9-1831],[@b23-ott-9-1831]--[@b26-ott-9-1831] Based on the result of this study, 7 and 109 stations were significantly associated with outcome. The possible reason might be that 7 and 109 stations are all at the edge of the treatment planning in postoperation radiation as shown in [Figure 3](#f3-ott-9-1831){ref-type="fig"}, and they received low dose (No 7) or were completely outside the area of treatment planning (No 109). Another reason might be that the locations of No 7 and 109 are more complicated than any other LN stations in anatomy and are hard to resect absolutely in operation, which lead to false negative. Another result in this study shows that the OS between the patients who have positive and have only negative LN in 7 station is different (*P*=0.028). Although similar result is not identified in 109 station (*P*=0.324), OS rate is significantly different during initial 36 months after operation. This result further indicates that the negative LN in 7 stations could influence the outcome significantly. Because the LN metastasis frequency in No 109 is low and has a little effect on the protocol of treatment planning in RT, the influence of No 109 on OS should be investigated in future research on a large scale. If only positive LNs are removed from 7 station, it possibly implies that positive LN is not thoroughly resected and other positive LNs are missed because of the complicated anatomical structure of this LN station. On the contrary, if negative LNs are identified in this LN station, it supports that there are no positive LNs left. More negative LNs might mean lower possibility of LNM in this LN station, which is supported by the earlier analysis of Cox regression models. Therefore, we should pay more attention to station 7 in treatment planning of postoperation irradiation if no negative LN in this area is identified in operation.[@b9-ott-9-1831],[@b18-ott-9-1831],[@b27-ott-9-1831]--[@b30-ott-9-1831]

Limitations of this study are as follows. First, although the inclusion of this study is strict and only the middle thoracic ESCC is collected, it is a retrospective study and is subject to inherent biases. Second, although we limit the inclusion, con-founders are still unavoidable because it is a small-scale study. Third, the representativeness of this study might be limited because it is a single-center research, and the result could be influenced by the protocol of esophagectomy in our hospital.

In summary, results in this study show that the negative LN in 7 station could influence the outcome significantly, and patients with no negative LN identified in this LN station in operation might be benefited from elective nodal irradiation of this LN station or can be given more doses of this irradiation.
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![The survival difference of patients with different total negative LNs.\
**Notes:** (**A**) The OS of patients with more than and less than five total number of negative LNs. Group 1: patients with more than five negative LNs in operation. Group 2: patients with less than five negative LNs. The difference between them was significant (*P*=0.0045). (**B**) The OS of patients with more than and less than ten negative LNs. Group 1: patients with less than ten negative LNs. Group 2: patients with more than ten negative LNs. The difference between them was significant (*P*=0.0002). (**C**) The OS of patients with \>15 and \<15 total number of negative LNs. Group 1: patients with \>15 negative LNs. Group 2: patients with \<15 negative LNs. The difference between them was significant (*P*=0.0015).\
**Abbreviations:** OS, overall survival; LN, lymph node.](ott-9-1831Fig1){#f1-ott-9-1831}

![The survival difference of patients with negative and positive LN.\
**Notes:** (**A**) The OS of patients with negative and positive lymph nodes in No 109. Group 1: patients with negative lymph nodes in No 109. Group 2: patients with positive lymph nodes in No 109 (*P*=0.3235). (**B**) The OS of patients with negative and positive lymph nodes in No 7. Group 1: patients with positive lymph nodes in No 7. Group 2: patients with negative lymph nodes in No 7. The difference between them was obvious (*P*=0.0275).\
**Abbreviations:** OS, overall survival; LN, lymph node; No, number.](ott-9-1831Fig2){#f2-ott-9-1831}

![The anatomical site of (**A**) No 109 and (**B**) No 7 in treatment planning.\
**Note:** The white arrow shows the anatomical site of No 109 (**A**) and No 7 (**B**), and the former was outside the treatment planning of RT while the latter was inside the treatment planning of RT.](ott-9-1831Fig3){#f3-ott-9-1831}

###### 

The main clinical and pathological variables of the patients with pathological positive lymph node

  Characteristics           Total number of LNs   Number of positive LNs   *P*-value   Number of negative LNs   *P*-value[a](#tfn1-ott-9-1831){ref-type="table-fn"}
  ------------------------- --------------------- ------------------------ ----------- ------------------------ -----------------------------------------------------
  Age (years)                                                                                                   
   \<60                     505                   59                       0.086       446                      0.668
   ≥60                      976                   84                                   892                      
  Sex                                                                                                           
   Male                     1,202                 125                      0.212       1,119                    0.76
   Female                   223                   16                                   207                      
  Length of tumor (cm)                                                                                          
   ≤4                       643                   42                       0.005       601                      0.719
   4--6                     468                   54                                   414                      
    ≥6                      370                   47                                   323                      
  Differentiation                                                                                               
   Well                     651                   44                       0.006       607                      0.732
   Moderate                 702                   87                                   615                      
   Poor                     128                   12                                   116                      
  Depth of tumor invasion                                                                                       
   T1--T2                   91                    1                        0.007       90                       0.529
   T3--T4                   1,390                 142                                  1,248                    
  Postoperative therapy                                                                                         
   Yes                      878                   105                      0.001       773                      0.416
   No                       603                   38                                   565                      

**Note:**

From a chi-square test.

**Abbreviation:** LN, lymph node.

###### 

The distribution of pathological positive and negative LN

  LN stations               Positive LN   Negative LN   *P*-value[a](#tfn3-ott-9-1831){ref-type="table-fn"}
  ------------------------- ------------- ------------- -----------------------------------------------------
  108                       57 (39.8%)    343 (25.8%)   
  107                       23 (16.1%)    326 (24.5%)   
  7                         44 (30.8%)    355 (26.7%)   
  3                         2 (1.4%)      6 (0.5%)      
  2                         8 (5.6%)      75 (5.6%)     
  109                       1 (0.7%)      45 (3.4%)     
  Other location            8 (5.6%)      179 (13.4%)   
  Statistical differences                               0.018

**Note:**

From Wilcoxon matched-pairs signed-ranks test.

**Abbreviation:** LN, lymph node.

###### 

The relationship between the total number of positive and negative LNs and OS

  Factor   Hazard ratio   Standard error   *Z*      *P*\>*z*   95% confidence interval
  -------- -------------- ---------------- -------- ---------- -------------------------
  Length   1.138          0.089            1.650    0.099      0.976--1.327
  Male     0.784          0.277            −0.690   0.490      0.392--1.567
  pt       1.075          0.063            1.240    0.215      0.959--1.205
  nt       0.937          0.018            −3.380   0.001      0.902--0.973

**Abbreviations:** LN, lymph node; OS, overall survival; pt, total number of positive LNs; nt, total number of negative LNs.

###### 

The relationship between the total negative LN number of every station and OS

  Factor   Hazard ratio   Standard error   *Z*     *P*\>*z*   95% confidence interval
  -------- -------------- ---------------- ------- ---------- -------------------------
  Male     0.642          0.235            −1.21   0.226      0.313--1.315
  p2       0.567          0.243            −1.32   0.186      0.245--1.314
  p3       9.677          9.413            2.33    0.02       1.438--65.117
  p7       1.510          0.301            2.07    0.038      1.022--2.231
  n106     0.528          0.233            −1.45   0.147      0.222--1.253
  n107     0.946          0.033            −1.58   0.114      0.882--1.013
  n109     0.600          0.131            −2.34   0.019      0.391--0.920
  n7       0.921          0.035            −2.14   0.033      0.855--0.993

**Abbreviations:** LNs, lymph nodes; OS, overall survival; p, positive LN; n, negative LN.
